An unusual synthesis of (S)-1-arenesulfonyl-4-(1-adamantyl)-2-imidazolidinones 15a-d and (R)-1-arenesulfonyl-4-tert-butyl-2-imidazolidinones 19a-d has been developed from trans-1-apocamphanecarbonyl-4,5-dimethoxy-2-imidazolidinones 6 and 7 as chiral synthons. Diastereomerically pure trans-1-apocamphanecarbonyl-4,5-dimethoxy-2-imidazolidinones 6 and 7 were successfully subjected to regioselective reduction using bulky organocuprates that afforded 1-apocamphanecarbonyl-5-methoxy-2-imidazolidinones 10 and 11. This new finding was used for synthesis of chiral 4-substituted 2-imidazolidinones 15a-d and 19a-d through the corresponding intermediates 13 and 17 by treatment with steric bulky tert-butylcuprate or 1-adamantylcuprate.
Introduction
Methods involving the use of heterocyclic chiral auxiliaries have been very successful for a wide range of asymmetric transformations [1] [2] [3] [4] [5] . Chiral 2-imidazolidinones [4, 5] have been described as chiral auxiliaries for use in diastereocontrolled reactions and a number of enantiopure 2-imidazolidinones [6] [7] [8] . The most direct route for synthesis of 2-imidazolidinones is from the corresponding 1,2-diamines via carbonylation with phosgene or its synthetic equivalents [9] . The application of the 2-imidazolidinones in asymmetric synthesis requires that it should be readily available on a useful scale and preferably in both enantiomeric forms. A route to obtain optically active 4-tert-butyl-2-imidazolidinones 3 and 4-(1-adamantyl)-2-imidazolidinones 4 from a 2-imidazolidinone heterocycle has been described. The method involves the conversion of 4-methoxy-2-imidazolidinones 1, using organocuprates (tert-butylcuprate, 1-adamantylcuprate, phenylcuprate, and benzylcuprate), into 4-alkyl-and 4-aryl-derivatives 2, followed by optical resolution through either a stoichiometric or catalytic process (Scheme 1) [10] . It was also reported that (4S,5S)-and (4R,5R)-1-apocamphanecarbonyl-4,5-dimethoxy-2-imidazolidinones (DMIm 6, 7) are good candidates as chiral synthons. (DMIm 6, 7) could be used for the chiral synthesis of 1,2-diamino acids 8, sterically congested 1,2-diamines 9 [11] (Scheme 2), and for synthesis of biological active molecules [12, 13] .
Results and Discussion
We now describe the conversion of (4S,5S)-1-apocamphanecarbonyl-4,5-dimethoxy-2-imidazolidinone 6 and (4R,5R)-1-apocamphanecarbonyl-4,5-dimethoxy-2-imidazolidinones 7 to chiral (S)-1-arenesulfonyl-4-(1-adamantyl)-2-imidazolidinones 15a-d and (R)-1-arenesulfonyl-4-tert-butyl-2-imidazolidinones 19a-d through regioselective controlled Scheme 2: The utility of DMIm 6 and 7 for the synthesis of 1,2-diamino acids 8 and 2 -symmetric 1,2-diamines 9. reductive removal of one methoxy group under the effect of tert-butyl-or 1-adamantylcuprates (RCu(CN)MgBr/LiCl) in the presence of BF 3 ⋅OEt 2 [10, 14] at 0 ∘ C. As can be seen in Table 1 and Scheme 3, regioselective reduction of 6 or 7 using bulky organocuprates afforded 1-apocamphanecarbonyl-5-methoxy-2-imidazolidinones 10 and 11. It is clear that the regioselective reduction is greatly dependent on the nature of the organocuprate and the Nsubstituent. Apparently, a small structural variation in the N-substituents induces a large effect on the regioselective reduction. The 1-adamantyl and tert-butyl groups represent the organocuprate of choice for the regioselective reduction and efficiency (Table 1 , entries 2 and 4). The same pattern was observed when the reaction was carried out in ether or CH 2 Cl 2 , while no reaction was observed using toluene [15] as a solvent. The generality and validity of this reaction, with bulky chiral 1-arenesulfonyl-4-methoxy-5-adamantyl-2-imidazolidinones 13 and 1-arenesulfonyl-4-methoxy-5-tert-butyl-2-imidazolidinones 17, were examined and checked, as shown in Table 2 , Scheme 4. Generally, no reactions were observed using less hindered arenesulfonyl moieties ( Table 2 THF, 0 ∘ C, 3 h a (4 , 5 )-enentiomer was used with -BuLi, while (4 , 5 )-enentiomer was used with 1-adamantylMgBr. b The reaction was performed by using Grignard reagent (4.0 eq), CuCN (4.4 eq), and BF 3 ⋅OEt 2 (2.0 eq) in the presence of LiCl (8.8 eq) at 0 ∘ C, for 3 h, unless otherwise stated. and 4). Increasing the bulkiness at the o-position from 2,6-dimethyl to 2,6-diisopropyl induced a large effect on the reaction yield (Table 2 , entries 7 and 8 versus 5 and 6). It is clear that the N-substituents and organocuprate [16, 17] can significantly affect the chelate structures, which may play a crucial role in the reduction step. This could occur through a -hydride ion transfer, where both reduction [18] and alkylation [11] [12] [13] outcomes are possible, but the only one observed is reduction. Such reduction process was controlled to a large extent by the steric crowding enforced by either the bridge 7-gem-dimethyl groups of apocamphane carboxylic acid (Mac) or o-substituents of the arenesulfonyl moieties at the reaction site under high temperature.
Compounds 14 and 18 (Scheme 4) were subjected to regioselective controlled arenesulfonylation, after the removal of 3-arenesulfonyl moiety with tributyltin hydride in boiling toluene [18] , to afford the chiral auxiliaries (S)-1-arenesulfonyl-4-(1-adamantyl)-2-imidazolidinones 15a-d and (R)-1-arenesulfonyl-4-tert-butyl-2-imidazolidinones 19a-d [10] . The stereochemistry was determined by a comparison of compounds 15 and 19 with authentic samples obtained according to Scheme 1 [10] and by Xray crystallographic analysis of compound 19b prepared according to Scheme 3 after its conversion to (4R)-(-)-1-(2,4,6-trimethylbenzenesulfonyl)-3-n-butyryl-4-tert-butyl-2-imidazolidinone 20. In the crystal structure, compound 20 crystallizes in the P1 space group and exists in three independent conformationally different molecules in the unit cell as indicated in our previous report [19] . (Tables 1 and 2 ). To a solution of the compounds (6, 7, 13, or 17) (0.1 mmol) in THF (2 mL), BF 3 ⋅OEt 2 (0.4 mmol) was added. The whole mixture was then added to a suspension of dried LiCl (0.88 mmol), CuCN (0.44 mmol), and organometals (0.4 mmol) in THF (4 mL), which was previously stirred at 0 ∘ C under nitrogen atmosphere for 30 min. The mixture was then stirred for an additional 3 h. The reaction was quenched by the addition of a saturated solution of NH 4 Cl (4 mL), extracted into ethyl acetate (3 × 15 mL), and purified using column chromatography (HexaneAcOEt; 3: 1) to afford the 4-methoxy-2-imidazolidinones 10, 11 or 4-substituted 3-arenesulfonyl-2-imidazolidinones 14, 18 (Schemes 3 and 4 
Experimental

Conclusion
The enantioselective synthesis of sterically congested (S)-1-arenesulfonyl-4-(1-adamantyl)-2-imidazolidinones 15a-d and (R)-1-arenesulfonyl-4-tert-butyl-2-imidazolidinones 19a-d was achieved from the chiral synthons 4,5-dimethoxy-2-imidazolidinones 6 and 7 under regioselective controlled reduction with bulky organocuprates at 0 ∘ C in the presence of BF 3 ⋅OEt 2 . Subsequent regioselective N-substitution with a variety of arenesulfonyl chloride provided chiral 4-substituted 1-arenesulfonyl-2-imidazolidinones 15a-d, 19a-d. The crystal structures of (4R)-(-)-1-(2,4,6-trimethylbenzenesulfonyl)-3-n-butyryl-4-tert-butyl-2-imidazolidinone 20 were reported. This compound 20 crystallized in layers formed by crystallographic independent molecules. These crystallographic motifs are the consequence of the interplay of the diverse intermolecular interactions in the crystal packing. The crystal packing showed that three molecules of compound 20 are stacked as a result of intermolecular interaction.
